Monte Carlo methods are used to calculate a complete TG-43 dosimetry parameter data set for 27 low-energy photon emitting brachytherapy sources ͑18 125 I and 9
I. INTRODUCTION
The Joint AAPM/RPC Registry of Brachytherapy Sources 1 lists a total of 15 unique low-energy photon emitting brachytherapy sources which comply with the AAPM's requirements for routine clinical use. In order to comply, each seed in the registry requires a full set of TG-43 ͑Refs. 2-4͒ dosimetry parameters based on at least one set of measurements and at least one set of Monte Carlo ͑MC͒ calculations. TG-43 provides recommendations regarding the spatial resolution and extent of dosimetry parameter data, but authors are free to choose the specific radii and polar angles at which they calculate the TG-43 data, leading to variability in the resolution of available dosimetry data between different source models. Therefore, there is a need to have a complete set of high resolution TG-43 dosimetry data generated at a consistent set of points for all of the registered brachytherapy sources and calculated using state-of-the-art photon cross section data. This data set would facilitate intersource comparisons and could potentially lead to more accurate brachytherapy dosimetry in the clinic. This data set would also be useful in providing a totally independent verification of currently available dosimetry data, most of which has been generated using Williamson's PTRAN code 5, 6 or the MCNP Monte Carlo Code. 7 To generate such a data set, the EGSnrc ͑Refs. 8 and 9͒ user-code BrachyDose ͑Refs. 10-12͒ is employed to calculate a complete set of TG-43 dosimetry parameters ͑dose rate constants, radial dose functions, and anisotropy data͒ for a total of 27 brachytherapy sources ͑18
125
I and 9 103 Pd͒ including the 15 sources currently listed in the AAPM/RPC source registry. Data are presented in some cases for seeds which are no longer manufactured to allow for possible retrospective studies and/or to evaluate the accuracy of the data used clinically in the past.
This article outlines the methods used to generate the TG-43 data but, due to the large volume of data, the complete set of dosimetry parameters is not presented here. Instead, only the geometry descriptions and calculated dose rate constants for each source, along with dose rate constants previously reported by other authors are presented in this article. Cases of significant discrepancies between the current and previous calculations are noted. The complete TG-43 dosimetry data set is available via a website which is described in Sec. II.
II. METHODS AND MONTE CARLO MODELS

II.A. Brachytherapy sources
For this study Yegin's multigeometry package 13 is used to model seed geometries with all the detail possible based on the information presented by authors of previous publications. Geometry models include source encapsulation, internal source geometry and the distribution of radioactivity within the source. Descriptions of the source geometries used in this study are provided below and are available with toscale drawings, as part of the web resource.
II.B. Monte Carlo calculations
The Monte Carlo methods for calculations in this study are described in detail by Taylor et al. 12 and as such are only briefly described here. BrachyDose scores the collision kerma per history in a geometric region ͑voxel͒ via a tracklength estimator. Due to the low energies involved, charged particle equilibrium can be assumed and collision kerma can be considered equal to the absorbed dose to the medium. For the calculations in this study, electrons are not transported and the photon cutoff energy is set to 1 keV. Rayleigh scattering, bound Compton scattering, photoelectric absorption, and fluorescent emission of characteristic x rays are all simulated. All calculations used photon cross sections from the XCOM ͑Ref. 14͒ database and mass energy absorption coefficients are calculated using the EGSnrc user-code "g." Photon spectra recommended in TG-43U1 ͑Ref. 3͒ are used to sample incident photon energies and probabilities for both 125 I and 103 Pd. Up to 4 ϫ 10 10 histories are simulated in order to reduce the one standard deviation uncertainty ͑1͒ on the calculated dosimetry parameters to 2% or less for 125 I sources and 3% or less for 103 Pd sources at a distance of 10 cm from the source.
A recent addition to the development version of EGSnrc makes it possible to use molecular form factors rather than the default independent atom approximation for Rayleigh scattering events in water ͑personal communication, E. Mainegra-Hing and I. Kawrakaw, National Research Council of Canada͒. When compared to calculations made with the independent atom approximation, the molecular form factor calculations reveal no statistically significant differences at distances up to 10 cm from the source for both 125 I and 103 Pd seeds. Since this new ͑currently undocumented͒ feature does not appear to cause significant differences in these calculations, the independent atom approximation is used throughout this study. However, we further investigated the sensitivity of these calculations to the inclusion or not of Rayleigh scattering. Calculations were done with Rayleigh scattering turned off and including Compton scattering either with or without the consideration of binding effects. Consistent with earlier results, 15 our results show that it is more accurate to turn off consideration of binding effects in Compton scatter if Rayleigh scattering is not being modeled. However, throughout this study the more accurate model is used, viz. inclusion of Rayleigh scattering and Compton scatter including binding effects.
Dose calculations are done with the source positioned at the center of a rectilinear water phantom ͑mass density of 0.998 g / cm 3 ͒ with dimensions of 30ϫ 30ϫ 30 cm 3 ͑effec-tive radius of 18.6 cm͒. Dose distributions surrounding the source are scored in a three dimensional grid of cubic voxels with TG-43 parameters extracted from the two dimensional plane defined by the seed axis and transverse axis. To take advantage of the simulation symmetry, doses from the four identical quadrants of this plane are averaged. Uncertainties on the average doses are calculated using the approximation that the dose in the voxels from the four quadrants are statistically independent. To minimize the impact of voxel size effects 12, 16 while maintaining reasonable efficiency, voxel sizes are chosen in the following way: 0.1ϫ 0.1ϫ 0.1 mm 3 voxels for distances in the range of r seed Ͻ r ഛ 1 cm, 0.5ϫ 0.5ϫ 0.5 mm 3 voxels for 1 Ͻ r ഛ 5 cm, and 1 ϫ 1 ϫ 1 mm 3 voxels for 5 Ͻ r ഛ 10 cm, where r is defined as the distance from the center of the seed and r seed is the radius of the cylindrical seed encapsulation. Based on Fig. 2 in our previous study 12 the error on dose introduced by voxel size effects at 1 mm distance in a 0.1ϫ 0.1ϫ 0.1 mm 3 voxel is approximately 0.25% whereas using a voxel size of 0.5ϫ 0.5ϫ 0.5 mm 3 at the same distance may introduce errors up to 6%.
Calculations of the air kerma per history are scored in vacuo avoiding the need to correct for attenuation by air. The mass energy absorption coefficients for air used in this calculation are calculated with the composition recommended by TG-43U1 ͑40% humidity͒. 3 Strictly speaking this is incorrect as air kerma is defined in terms of dry air, but the difference in mass energy absorption coefficients for humid and dry air in this energy region is less than 0.01%. Characteristic x rays originating from the titanium encapsulation are suppressed in the air-kerma calculations by discarding photons with energy less than 5 keV ͑i.e., PCUT is set to 5 keV in EGSnrc͒.
II.C. TG-43 dosimetry parameters
Dosimetry data are tabulated as a function of distance from the seed and polar angle relative to the seed axis. When tabulation points do not correspond with the center of a voxel ͑as is usually the case for anisotropy function calculations͒, dose values are interpolated bilinearly using the nearest neighbors of the voxel that the point of interest falls within. To improve the accuracy of the interpolation, all dose values are first divided by their respective values of the geometry function, 2,3 G L ͑r , ͒ which is associated with the voxel's geometric center.
Dose rate constants, ⌳, are calculated by dividing the dose-to-water per history in a ͑0.1 mm͒ 3 voxel centered on the reference position in the 30ϫ 30ϫ 30 cm 3 water phantom ͑1 cm, / 2͒, by the air-kerma strength per history ͑scored in vacuo͒. Williamson et al., [17] [18] [19] Lymperopoulou et al., 20 and our group 12 have previously shown that for some sources, calculated air-kerma strength depends on the size of the scoring region used. For this reason dose rate constants are provided for air-kerma strengths calculated using voxel sizes of 2.7ϫ 2.7ϫ 0.05 cm 3 and 0.1ϫ 0.1ϫ 0.05 cm 3 located on the transverse axis 10 cm from the source ͑as described in our previous study 12 ͒. The larger voxel size averages the air kerma per history over a region covering roughly the solid angle subtended by the primary collimator of the NIST Wide Angle Free Air Chamber ͑WAFAC͒. 21, 22 The small voxel serves to estimate the air kerma per history at a point on the transverse axis. These two voxel sizes are referred to as WAFAC and point voxels in the remainder of this article.
The radial dose function g͑r͒ is calculated using both line and point source geometry functions and tabulated at intervals of 0.01 cm for 0.05ഛ r ഛ 0.1 cm, 0.1 cm for 0.1Ͻ r ഛ 1.0 cm, and 0.5 cm for 5 Ͻ r ഛ 10 cm. Values at r = 0.15, 0.25, and 0.75 cm are also included. Anisotropy functions, F͑r , ͒, are calculated using the line source approximation for all sources and tabulated at radii of 0.1, 0.15, 0.25, 0.5, 0.75, 1, 2, 3, 4, 5, 7.5, and 10 cm and 32 polar angles with a minimum resolution of 5°. For most of the seeds, this study is the first to report anisotropy function data at distances less than 0.5 cm from the source which may be of particular interest in eye plaque brachytherapy treatments. The anisotropy factor an ͑r͒ is calculated by integrating the solid-angle-weighted dose rate over 0°ഛ ഛ 90°.
III. DETAILED SOURCE DESCRIPTIONS
This section gives a detailed description of each source modeled in our Monte Carlo calculations with Yegin's multigeometry package. 13 Scale drawings of each seed are available via Sec. V. Empty space in all of the seeds listed below is assumed to be filled with air. Since most of the seeds have source and marker elements which are free to move within their encapsulation, a rough estimate of the possible extent of this movement is also provided. The extent of movement of source elements can be used to provide a rough estimate of one component of geometric uncertainty in dose calculations and is discussed further in Sec. IV A.
III.A.
I sources
III.A.1. Amersham, OncoSeed, 6702
Dimensions given in the article by Williamson and Quintero 24 are used for the 6702 source 5, [24] [25] [26] [27] [28] . The 6702 source consists of three resin spheres ͑resin density is 1.2 g / cm 3 and has a molecular composition 24 of C 12 H 18 NCl͒, each with a diameter of 0.600 mm. The spheres are coated with 125 I which is assumed to have negligible thickness in this study. The spheres are encapsulated in a titanium tube with 0.050 mm thick walls and an outer diameter of 0.800 mm and length of 3.50 mm. End welds are 0.500 mm thick and are modelled as 0.400 mm hemispheres on top of solid cylinders that have a 0.400 mm radius and are 0.100 mm thick. The overall length is 4.50 mm and the active length in this study was 3.30 mm ͑calculated using the TG-43 effective line source length with a seed spacing of 1.10 mm and N = 3 sources͒. The maximum possible displacement of a source sphere from its nominal position is 1.45 mm along the seed axis and 0.050 mm in the radial direction.
III.A.2. Amersham, OncoSeed, 6711
Source dimensions for the 6711 seed 5, 23 are taken from the article by Dolan et al. 23 which presents a more realistic geometry than has been used in previous studies. The 6711 source consists of radioactive AgI and AgBr ͑Ref. 23͒ ͑2.5:1 molecular ratio of AgI: AgBr and a density of 6.2 g / cm 3 ͒ coated on a 2.80 mm long cylindrical silver rod with a 0.250 mm radius. The ends of the silver rod are conical sections beveled at 45.0°and the end faces of the rod have a radius of 0.175 mm. The radioactive coating is assumed to have a thickness of 1.75 m over the entire surface of the rod. The silver rod is encapsulated in a 3.75 mm long titanium tube with 0.0700 mm thick walls, a 0.800 mm outer diameter, and 0.375 mm thick hemispherical end welds. The overall source length is 4.55 mm and the active length is 2.80 mm. The cylindrical source element is free to move 0.475 mm along the seed axis and 0.080 mm radially from the center of the seed.
III.A.3. Amersham, EchoSeed, 6733
Dimensions for the 6733 seed 29, 30 are taken from the study by Sowards and Meigooni. 29 The 6733 source consists of 125 I coated on a 3.00 mm long cylindrical silver rod which is 0.250 mm in radius. In this study the 125 I coating is assumed to have a thickness of 2.00 m on both the cylindrical surface and end faces. The silver rod is encapsulated in a titanium tube with 0.050 mm thick walls, 0.800 mm outer diameter, and 0.500 mm thick end welds. End welds are modeled using a 0.400 mm Ti hemisphere overlapped with a 0.350 mm air sphere with its center shifted by 0.250 mm relative to the Ti sphere. The titanium casing is unique in that it is "threaded" with six threads. In this study the threads are taken to be a series of 11 0.050 mm thick cylindrical shells each approximately 0.332 mm wide and spaced evenly over the central 3.00 mm of the seed. To create the threads, every other cylindrical shell is indented 0.250 mm from the outer cylinders ͑i.e., the inner threads have inner and outer radii of 0.325 and 0.375 mm, respectively͒. The overall source length is 4.50 mm and the active length is 3.00 mm. The cylindrical source element is free to move from the nominal position by approximately 0.350 mm along the seed axis and 0.065 mm in the radial direction.
III.A.4. Bacon Co., Braquibac
Dimensions for the Braquibac source 31 are taken from the study by Pirchio et al. 31 The source element for the Braquibac seed is a cylindrical silver rod with an outer diameter of 0.500 mm and a length of 3.07 mm. The rod is coated with a silver halide layer that is 1.00 m thick. The titanium encapsulation has a 0.779 mm outer diameter and is 0.090 mm thick. End welds are 0.390 mm thick and approximated here as being hemispherical in shape. The overall source length is 4.68 mm and the active length of the source is 3.07 mm. The cylindrical source element is free to move 0.415 mm along the seed axis and 0.064 mm radially from the center of the seed. Seed dimensions for the I125.S06 seed 32, 33 are taken from the article by Hedtjärn et al. 32 This source consists of 125 I uniformly distributed throughout a hollow cylindrical alumina ͑Al 2 O 3 ͒ core with inner and outer diameters of 0.220 and 0.600 mm, respectively. For the purpose of these calculations the amount of 125 I present in the alumina is assumed to be negligible. Within the hollow core is a 0.350 mm long gold rod with a diameter of 0.170 mm. The core is encapsulated in a titanium tube with 0.050 mm thick walls and 0.800 mm outer diameter. The end welds are slightly concave and have a thickness of 0.440 mm in the middle. End welds are modeled using a 0.400 mm Ti hemisphere overlapped with a 0.889 mm air sphere with its center shifted by 0.969 mm relative to the Ti sphere. The overall source length is 4.56 mm and the active length is 3.50 mm. The cylindrical source element is free to move roughly 0.110 mm along the seed axis and 0.050 mm radially from the center of the seed.
III.A.6. BEBIG GmbH, IsoSeed, I25.S17
The IsoSeed I125.S17 ͑Refs. 20 and 34͒ source dimensions are taken from the study by Lymperopoulou et al. 20 The source element for the IsoSeed is a cylindrical molybdenum rod with an outer diameter of 0.500 mm and a length of 3.40 mm. The rod is coated with a layer of nickel that is 3.00 m thick. On top of the nickel is a 25.0 m thick layer of silver which is in turn coated with a 2.00 m thick layer of radioactive silver iodide. The titanium encapsulation has a 0.800 mm outer diameter and is 0.050 mm thick. End welds are 0.400 mm thick and hemispherical in shape. The overall source length is 4.5 mm and the active length of the source is 3.46 mm. The cylindrical source element is free to move 0.120 mm along the seed axis and 0.070 mm radially from the center of the seed.
III.A.7. Best Industries Best I-125 2301
Dimensions for the Best 2301 source [35] [36] [37] are taken from the study by Sowards and Meigooni. 35 The 2301 source consists of a cylindrical tungsten marker 3.75 mm long with a diameter of 0.250 mm. In this study the ends of the marker are assumed to be round as shown in the figure in TG-43U1. 3 The marker is coated with an organic matrix ͑assumed to be polystyrene with a density of 1.06 g / cm 3 and a composition by weight of 7.74% H and 92.3% C͒ containing 125 I. For the purpose of these calculations the amount of 125 I present in the polystyrene is assumed to be negligible. The thickness of the coating is assumed to be 0.100 mm on the cylindrical surface as well as the round ends. The active element is encapsulated in a 0.080 mm thick titanium casing with an outer diameter of 0.800 mm. The end welds are assumed to be hemispherical shells with a thickness of 0.080 mm. The overall source length is 5.00 mm and the active length is 3.95 mm. The cylindrical source element is free to move approximately 0.445 mm along the seed axis and 0.0950 mm radially from the center of the seed.
III.A.8. DRAXIMAGE, BrachySeed, LS-1
Seed dimensions for the LS-1 seed [38] [39] [40] [41] [42] are the same as those used in the study by Williamson. 38 The DRAXIMAGE BrachySeed LS-1 consists of two 0.500 mm diameter aluminum silicate spheres containing a uniform distribution of 125 I. Density of the aluminum silicate is 2.81 g / cm 3 and composition by weight is 40.7% O, 21.4% Si, 16.6% Al, 11.3% Na, and 10.0% Ag 38 ͑the amount of 125 I within the spheres is assumed to be negligible͒. The two source spheres are separated by a 90% Pt/10% Ir cylindrical rod that is 3.00 mm long and has a diameter of 0.380 mm. At the middle of the seed is a 1.20 mm long Ti annulus with inner and outer diameters of 0.390 and 0.698 mm, respectively. The wall thickness of the cylindrical portion of the source is 0.100 mm. The hemispherical ends are 0.065 mm thick on the longitudinal axis and 0.050 mm thick where they meet the cylindrical walls. End welds are modeled using a 0.400 mm radius Ti hemisphere overlapped with a 0.350 mm radius air sphere with its center shifted by 0.015 mm relative to the Ti sphere. The overall source length is 4.40 mm and the active length is 4.10 mm which is the physical extent of the activity distribution within the source. The two spheres are free to move approximately 0.050 mm along the seed axis and 0.050 mm radially.
III.A.9. IBt, InterSource, 1251L
Dimensions for the InterSource seed 43, 44 are taken from the study by Meigooni et al. 43 The InterSource consists of two concentric hollow titanium cylindrical tubes which are laser welded together at the ends. Each tube is 0.040 mm thick and the outer diameter of the inner and outer tubes are 0.500 and 0.810 mm, respectively. There is a thin band ͑0.045 mm thick and 1.27 mm long͒ of 90% Pt/ 10% Ir alloy deposited on top of the inner cylinder at its center. The radioactive 125 I is distributed uniformly throughout three cylindrical bands of an organic material ͑85.7% C 14.3% H with a density of 1.00 g / cm 3 in which the 125 I content is assumed to be negligible͒. The outer two bands of radioactive material are deposited on the inner cylinder and are 0.800 mm long, 0.015 mm thick and have their centers along the seed axis offset 1.45 mm from the middle of the seed. The center band is 0.500 mm long, 9.00ϫ 10 −3 mm thick and is deposited on top of the Pt/ Ir alloy. The overall length is 4.5 mm and the active length of the seed is 4.35 mm. 45 
III.A.10. Imagyn, IsoStar, IS-12501
Dimensions given in the article by Gearheart et al. 46 are used for the Imagyn source.
12,46-49 The Imagyn source consists of five silver spheres, each with a diameter of 0.640 mm, coated with AgI and encapsulated in a titanium tube with 0.500 mm thick end welds. The end welds are modeled as 0.400 mm hemispheres on top of solid cylinders that have a 0.400 mm radius and are 0.100 mm thick. The center of the spheres are along the seed axis offset 0.690 mm from each other. The tube has 0.050 mm thick walls and an outer diameter of 0.800 mm. The AgI coating is assumed to have negligible thickness in this study. The overall length is 4.50 mm and the active length is 3.40 mm. The maximum possible displacement of a source sphere is 0.350 mm along the seed axis as well as up to 0.030 mm in the radial direction.
III.A.11. Implant Sciences Corp., IPlant, 3500
Dimensions for the I-Plant seed [50] [51] [52] [53] are taken from the study by Rivard. 50 The I-Plant seed has a Ti capsule with an outside diameter of 0.836 mm and end welds which are 0.330 mm thick spherical sections. The end welds are modeled using a 0.225 mm thick section of a 0.500 mm radius Ti sphere attached to a 0.105 mm thick Ti cylinder with a radius of 0.418 mm. The wall thickness of the Ti capsule is 0.0558 mm. Inside the source there is a Ag marker assumed to have a total length of 3.60 mm and a radius of 0.200 mm. The conical ends of the marker have a half-angle of approximately 18°. The active element of the source is a quartz tube surrounding the marker that is 3.76 mm in length with inside and outside diameters of 0.432 and 0.635 mm, respectively. The quartz tube is covered in a 16.0 m thick active layer of Si containing 124 Xe which is in turn covered by a 5.00 m thick layer of SiO 2 . The active layer is assumed to have a density of 2.58 g / cm 3 and is composed of 97.6% Si, 2.38% Xe, 1.60ϫ 10 −3 % I, and 6.00ϫ 10 −4 % Te. 50 The overall length is 4.60 mm and the active length is 3.76 mm. The cylindrical source element is free to move approximately 0.090 mm along the seed axis and 0.056 mm radially from the center of the seed.
III.A.12. IsoAid, LLC, Advantage, IAI-125A
Dimensions for the IAI-125A source 54, 55 are taken from the study by Meigooni et al. 54 The IsoAid Advantage seed contains a 3 mm long silver rod with a diameter of 0.500 mm. The silver rod is coated with a 1 m thick layer of AgI containing 125 I ͑coating assumed to be the same thickness on the cylindrical and end face surfaces͒. The source is encapsulated in a titanium casing 0.050 mm thick with an outside diameter of 0.800 mm. The end welds have a maximum thickness of 0.100 mm and are modeled using a 0.400 mm radius Ti hemisphere overlapped with a 0.350 mm radius air sphere with its center shifted laterally inward by 0.050 mm relative to the Ti sphere. The overall source length is 4.50 mm and the active length is 3.00 mm. The cylindrical source element is free to move approximately 0.350 mm along the seed axis and 0.100 mm radially from the center of the seed.
III.A.13. Mills Biopharmaceuticals, LLC, ProstaSeed, 125SL
Dimensions and internal source positions for the ProstaSeed source 56, 57 are taken from the nominal configuration in the study by Li. 56 The ProstaSeed contains five silver spheres ͑0.500 mm diameter͒ which are coated in 125 I. As in the study by Li 56 the 125 I is assumed to be of negligible thickness. The five spheres are free to move within the Ti encapsulation which has an outer diameter of 0.800 mm and has walls with a thickness of 0.050 mm and 0.300 mm thick end welds. The end welds are modeled using a 0.400 mm radius Ti hemisphere overlapped with a 0.350 mm radius air sphere with its center shifted laterally inward by 0.250 mm relative to the Ti sphere. The overall length is 4.50 mm and the active length is 3.00 mm. The maximum possible displacement of a source sphere is 0.850 mm along the seed axis and 0.100 mm in the radial direction.
III.A.14. North American Scientific, Prospera I-125, Med 3631-A/M
Dimensions and internal source configurations for the Med3631 source [58] [59] [60] are taken from the study by Rivard.
58
The Med3631
125
I seed consists of polystyrene spheres ͑0.560 mm diameter͒, coated with a negligible thickness of radioactive material, with two located on each side of two 0.560 mm diameter 80% Au/20% Cu alloy spheres. The encapsulating titanium cylinder has an outside diameter of 0.810 mm and an inner diameter of 0.710 mm. The source has an average weld thickness of 0.100 mm. The end welds are modeled using a 0.405 mm radius Ti hemisphere overlapped with a 0.355 mm radius air sphere with its center shifted by 0.050 mm relative to the Ti sphere. Calculations are done with the internal spheres arranged in the "ideal" configuration ͑center of source spheres located at Ϯ1.807 mm and Ϯ1.084 mm, center of marker spheres located at Ϯ0.361 mm͒ given in the study of the Med3631 125 Iseed by Rivard. 58 Rivard's study also contains a discussion on how the internal movement of the source spheres effects dosimetry parameters. The overall length is 4.70 mm and the active length is assumed to be 4.20 mm.
III.A.15. Nucletron, SelectSeed I-125, 130.002
The SelectSeed source [61] [62] [63] dimensions are taken from the study by Karaiskos et al. 61 The source element for the SelectSeed is a cylindrical silver rod with an outer diameter of 0.510 mm and a length of 3.40 mm. The rod is coated with a silver halide layer ͑AgCl/ AgI͒ that is 3.00 m thick. The titanium encapsulation has a 0.800 mm outer diameter and is 0.050 mm thick. End welds are 0.400 mm thick and hemispherical in shape. The overall length is 4.50 mm and the active length of the source is 3.40 mm. The cylindrical source element is free to move approximately 0.147 mm along the seed axis and 0.092 mm radially from the center of the seed.
III.A.16. Bard Urological Division, 125 Implant Seed, STM1251
The dimensions used by Kirov and Williamson 18 in their study of the STM seed 12, 18, 64, 65 are used here. The STM1251 source consists of a cylindrical gold rod ͑0.180 mm diameter͒ inside of a 3.81 mm long hollow aluminum wire with a diameter of 0.510 mm. The aluminum wire is coated with 1.90 m of nickel, 2.50 m of copper, and 17.0 nm of radioactive iodine. The coating is assumed to cover the end faces of the aluminum wire and gold rod. The source is encapsulated in a titanium tube with 0.080 mm thick walls, 0.810 mm outer diameter, and 0.130 mm thick solid cylindrical end welds. The overall source length is 4.50 mm and the active length is 3.80 mm. The cylindrical source element is free to move 0.240 mm along the seed axis and 0.066 mm radially from the center of the seed.
III.A.17. Syncor, PharmaSeed, BT-125-1 and BT-125-2
The PharmaSeed BT-125-1 source 55, 66, 67 dimensions are taken from the study by Popescu et al.. 66 The source element for the PharmaSeed BT-125-1 is a cylindrical palladium rod with an outer diameter of 0.500 mm and a length of 3.25 mm. The rod is coated with a 0.500 m thick layer of 125 I. The titanium encapsulation has a 0.800 mm outer diameter and is 0.060 mm thick. End welds are 0.500 mm thick and are modeled as 0.400 mm hemispheres on top of solid cylinders that are 0.100 mm thick and have a 0.400 mm radius. The BT-125-2 source 55, 67 is the same as the BT-125-1 source with the exception that the cylindrical rod is made of Ag rather than Pd. The overall source length is 4.50 mm and the active length of both sources is 3.25 mm. The cylindrical source element can move 0.124 mm along the seed axis and 0.090 mm radially from the center of the seed.
III.B.
103
Pd Sources
III.B.1. BEBIG GmbH, IsoSeed, 103 
Pd
Seed dimensions for the BEBIG GmbH 103 Pd seed are taken from the article by Daskalov and Williamson. 68 This source consists of 103 Pd uniformly distributed throughout a 3.50 mm long hollow cylindrical alumina ͑Al 2 O 3 ͒ core with inner and outer diameters of 0.250 and 0.600 mm, respectively. For the purpose of these calculations the amount of 103 Pd present in the alumina is assumed to be negligible. Within the core is a 3.50 mm long gold rod with a diameter of 0.200 mm. The core is encapsulated in a titanium tube with 0.050 mm thick walls and 0.800 mm outer diameter. The end welds are slightly concave and have a thickness of 0.435 mm in the middle. End welds are modeled using a 0.400 mm Ti hemisphere overlapped with a 0.806 mm radius air sphere with its center shifted by 0.846 mm relative to the Ti sphere. The overall source length is 4.56 mm and the active length is 3.50 mm. The cylindrical source element is free to move 0.050 mm radially and a negligible amount along the seed axis.
III.B.2. Best Industries, Best Palladium-103, 2335
Dimensions for the 2335 source 69, 70 are taken from studies by Meigooni et al. 69 and Peterson and Thomadsen. 70 The Best 2335 source consists of a cylindrical tungsten marker which is 1.20 mm long with a diameter assumed to be approximately 0.500 mm. On either side of the marker are three 0.560 mm diameter spheres located 0.900, 1.50, and 2.10 mm from the middle of the seed. The spheres are made of a polymer ͑composition by weight 69 of 89.7% C, 7.85% H, 1.68% O, and 0.740% N, and density of the polymer is assumed to be 1.00 g / cm 3 ͒. The polymer spheres are coated in 103 Pd which is assumed to have negligible thickness. The spheres and titanium marker are encapsulated with the same Ti casing described above for the Best 2301 125 I source. The overall source length is 5.00 mm and the active length was taken to be 4.76 mm, the extent of the activity distribution within the source. The maximum possible displacement of a source sphere is 0.570 mm along the seed axis and up to 0.070 mm in the radial direction.
III.B.3. DRAXIMAGE, BrachySeed, Pd-1
The source dimensions for the Pd-1 seed [71] [72] [73] are taken from the study by Chan and Prestwich. 73 The DRAXIMAGE BrachySeed Pd-1 source consists of two 0.55 mm diameter aluminum silicate spheres containing a uniform distribution of 103 Pd ͑spheres have a density of 2.53 g / cm 3 and the composition by weight 73 is 45.2% O, 23.8% Si, 18.4% Al, and 12.6% Na with a negligible amount of 103 Pd͒. The two source spheres are separated by a 90% Pt/10% Ir cylindrical rod that is 3.10 mm long and has a diameter of 0.380 mm. At the middle of the seed is a 1.19 mm long Ti annulus with inner and outer diameters of 0.380 mm and 0.691 mm, respectively. On either side of the annulus are two 1.19 mm long cylindrical Ti spacers with inner and outer diameters of 0.589 and 0.691 mm, respectively. These components are encapsulated in a 0.051 mm thick Ti capsule that is 3.60 mm long and has an outside diameter of 0.800 mm. The hemispherical ends are 0.065 mm thick on the longitudinal axis and 0.0500 mm thick where they meet the cylindrical walls. The end welds are modeled using a 0.400 mm radius Ti hemisphere overlapped with a 0.349 mm radius air sphere with its center shifted by 0.0565 mm relative to the Ti sphere. The overall source length is 4.40 mm and the active length is 4.20 mm, the extent of the activity distribution within the seed. The two spheres are free to move approximately 0.050 mm along the seed axis and 0.050 mm radially from the center of the seed.
III.B.4. IBt, InterSource, 1031L
The materials and dimensions for the 103 Pd InterSource 
III.B.5. IBt, OptiSeed, 1032P
The dimensions for the OptiSeed 75, 76 are taken from the study by Bernard and Vynckier. 75 Encapsulation for the OptiSeed is made of biocompatible polymer ͑the exact polymer is unknown and assumed to be polyethylene͒ with inner and outer diameters of 0.400 and 0.800 mm, respectively. The ends are sealed with a 0.600 mm long cylindrical piece of polymer ͑diameter 0.400 mm͒. The ends are formed into spherical "cups." In this study the cups are assumed to be air filled spheres that are 0.400 mm in diameter and have their centers shifted 2.35 mm from the center of the source. Directly adjacent to the end cups are 0.700 mm long and 0.400 mm diameter polymer cylinders ͑assumed to be polystyrene͒ with 103 Pd uniformly distributed throughout. The amount of 103 Pd present in the polymer is assumed to be negligible. At the center of the source there is a 2.00 mm long Au cylinder with an outer diameter just larger than the inner diameter of the polymer tube ͑the gold marker is assumed to have a diameter of 0.450 mm͒. The space between the polymer cylinders and Au marker is assumed to be air.
The
III.B.6. IsoAid, Advantage Pd-103, IAPd-103A
Dimensions for the Advantage Pd-103 source 77, 78 are from the study by Meigooni et al. 77 The IsoAid Advantage 103 Pd seed contains four spherical polystyrene beads with a diameter of 0.500 mm. The 103 Pd for this source is assumed to be distributed uniformly throughout the volume of the four beads. The four beads are separated into two pairs by a cylindrical silver marker that is 0.500 mm in diameter and 1.25 mm long. The centers of the two beads within a pair are offset 0.968 and 1.56 mm. The source is encapsulated in a titanium casing 0.050 mm thick with an outside diameter of 0.800 mm. The end welds have a maximum thickness of 0.350 mm and are modeled using a 0.405 mm radius Ti hemisphere overlapped with a 0.890 mm radius air sphere with its center shifted by 0.840 mm relative to the Ti sphere. The overall source length is 4.50 mm and the active length is 3.62 mm which is the physical extent of radiation within the source. The maximum possible displacement of a source sphere is 0.459 mm along the seed axis and up to 0.070 mm in the radial direction.
III.B.7. North American Scientific, Prospera Pd-103,Med 3633-A/M
Dimensions for the Med3633 seed 79, 80 are taken from the study by Rivard. 79 The Med3633 103 Pd seed consists of two polystyrene spheres ͑0.560 mm diameter͒, coated with a negligible thickness of radioactive material, located on either side of two 0.560 mm diameter 80.0% gold/20.0% copper alloy spheres. The encapsulating titanium cylinder has an outer diameter of 0.810 mm and an inner diameter of 0.710 mm. The source has an average weld thickness of 0.100 mm. Calculations are done with the internal spheres arranged in the ideal configuration ͑center of source spheres located at Ϯ1.807 and Ϯ1.084 mm, center of marker spheres located at Ϯ0.361 mm͒ given in the study of the Med3631 125 I seed by Rivard. 58 Rivard's study of the Med3631 also contains a discussion on how the internal movement of the source spheres effects dosimetry parameters. The overall length is 4.70 mm and the active length is assumed to be 4.20 mm.
III.B.8. Syncor, PharmaSeed, BT-103-3
Dimensions for the PharmaSeed BT-103-3 are taken from the study by DeMarco et al. 67 The Syncor BT-103-3 103 Pd contains four spherical polystyrene beads with a diameter of 0.550 mm. The polystyrene beads are coated in 0.500 m of 103 Pd. The beads are separated into two pairs by a cylindrical gold marker that is 0.500 mm in diameter and 1.10 mm long. The source is encapsulated in a Ti casing 0.050 mm thick with an outside diameter of 0.800 mm. The end welds have a maximum thickness of 0.240 mm and are modeled using a 0.400 mm radius Ti hemisphere overlapped with a 0.350 mm radius air sphere whose center is shifted 0.190 mm relative to the Ti sphere. The overall source length is 4.50 mm and the active length used in our model is 3.75 mm, the physical extent of the activity distribution within the source. The maximum possible displacement of a source sphere is 0.585 mm along the seed axis and 0.075 mm in the radial direction.
III.B.9. Theragenics Corporation, TheraSeed, 200
Dimensions for the TheraSeed 12, 17, 19, 81 are as reported by Monroe and Williamson. 19 The TheraSeed consists of two cylindrical graphite pellets coated with radioactive palladium and separated by a cylindrical lead marker. The graphite cylinders have a diameter of 0.560 mm and length of 0.890 mm. The lead marker is 1.09 mm long and 0.500 mm in diameter. The thickness of Pd on the graphite is 2.20 m. Encapsulation for the TheraSeed is a thin titanium tube that has an outer diameter of 0.826 mm with wall thickness of 0.056 mm. The ends are sealed with two titanium end cups that are 0.040 mm thick. The end cups are composed of a 0.334 mm long hollow cylindrical section attached to a hemispherical shell. Both the cylindrical section and hemispherical shell have inner diameters of 0.306 mm. The overall source length is 4.500 mm and the active length is 4.23 mm calculated using the TG-43 effective line source length approximation. The maximum displacement of one of the cylindrical sources is 0.200 mm along the seed axis and 0.075 mm in the radial direction.
IV. RESULTS
Due to the large amount of data generated during this study only the dose rate constants calculated in this study and by other authors are presented here. The entire TG-43 dosimetry data set is available at the website described in the Sec. V and fits to the radial dose functions, g͑r͒, are presented in our accompanying study. 82 While the raw g͑r͒ data are first normalized so that g͑r =1 cm͒ = 1.000, this gives undue importance to the single calculated dose value at r = 1 cm. Using the fits presented in the accompanying study, the g͑r͒ data for each seed are renormalized by dividing by the initial fitted value of g͑r͒ at 1 cm. By doing this, after fitting to the renormalized data, the fitted value of g͑r͒ at 1 cm is exactly 1.000. In essence, this uses all of the g͑r͒ data equally in normalizing the curve and results in the fitted value of g͑r =1 cm͒ being 1.000 as given by the definition of g͑r͒. Another consequence is that the renormalized individual data point at g͑r =1 cm͒ may no longer be 1.000 ͑al-though it is always within 0.4% of unity͒.
Calculated dose rate constants and their statistical uncertainties are listed in Tables I ͑   125 I͒ and II ͑ Pd͒. As mentioned previously, dose rate constants are calculated using values of air kerma scored in large ͑WAFAC͒ and small ͑point͒ voxels. For most sources the WAFAC and point-voxel dose rate constants are the same within calculated statistical uncertainties. However, for sources with solid cylinders coated with radioactive material, the values of the dose rate constant can vary by up to 5% depending on the size of voxel used for scoring air kerma. Dose rate constants calcu- 
IV.A. Uncertainties
Uncertainties reported on dosimetry values calculated in this study are statistical uncertainties only. In general, statistical uncertainties on the dose rate constants are less than 0.3% for 125 I sources and less than 0.5% for 103 Pd sources. Statistical uncertainties on the radial dose function and anisotropy function for 125 I sources are less than 1% and 2% for distances from the source of r seed Ͻ r ഛ 5 cm and 5 Ͻ r ഛ 10 cm, respectively. For 103 Pd sources, statistical uncertainties on the radial dose function and anisotropy function are less than 2% and 3% for distances from the source of r seed Ͻ r ഛ 5 cm and 5 Ͻ r ഛ 10 cm, respectively.
Other sources of uncertainty in these calculations include uncertainties associated with voxel size, photon cross-section data, and source material and geometry definitions. As described in our previous study 12 we have attempted to minimize voxel size uncertainties by using very small scoring voxels for points near the source. Some sources of geometric uncertainty are variations in encapsulation thickness, end weld thickness, and the movement of internal source components. A full investigation of the effects of geometric uncertainty is beyond the scope of this study, however, they are discussed briefly below. For a more detailed analysis of the geometric uncertainties relevant to MC brachytherapy calculations, readers are referred to the studies by Dolan et al., 23 Rivard, 58 Li, 56 and TG-43U1. 3 Combined uncertainties from voxel size effects, cross sections, and geometry are larger than the statistical uncertainties for the dosimetry parameters calculated in this study. The study of the OncoSeed 6711 by Dolan et al. 23 shows that decreasing the Ti wall thickness of the 6711 seed by 14% results in a 2.4% increase in the dose rate to water at r = 1 cm on the transverse axis. They report that the decrease does not effect the dose rate constant as there is a similar increase in the air kerma strength. This is consistent with calculations we performed for this study with the entire Ti encapsulation of the 6711 seed replaced with air. The lack of attenuation from the encapsulation resulted in a 35% increase in the dose rate to water at r = 1 cm on the transverse axis but the dose rate constant was the same as that of the nominal calculation within statistical uncertainties. This calculation confirms the results of Dolan et al. and demonstrates that the thickness of the encapsulation wall is not a significant source of uncertainty in dose rate constant calculations. In Sec. III, estimates of the extent of motion possible for internal source elements are provided. These values can be used to provide a rough estimate of the uncertainty introduced by this motion. For example, for a seed where the movement of a source element by 0.080 mm in the radial direction is possible ͑e.g., the OncoSeed 6711͒, if only 1 / r 2 effects are considered, then the range in values on the dose at 1 cm is 1.6% if the central rod is displaced the maximum distance towards or away from the dose point. Since the air-kerma strength is generally calculated at distances of 10 cm or more from the seed, the 1 / r 2 effects are close to negligible in this case and therefore the dose rate constant should also vary by an amount similar to the variation in dose at 1 cm. This estimate is likely an upper bound on the systematic uncertainty as evidenced by the detailed analysis of the OncoSeed 6711 by Dolan et al. 23 wherein they calculate a difference of 0.68% in both the dose to water at 1 cm and the dose rate constant when the central rod is displaced by a maximum of 0.080 mm in the radial direction. This uncertainty in the dose calculation will increase, possibly dramatically, for distances closer to the seed. For most sources, this study is one of the first to extensively report dosimetry parameters at distances for r Ͻ 0.25 cm. At these short distances, the internal position of the source elements can have a drastic effect on the dosimetry parameters. In Rivard's study of the Prospera Med3631 ͑Ref. 58͒ he shows that when the source elements are placed in the "diagonal" configuration ͑all seeds touching and resting against the source wall at one end of the encapsulation͒ there can be large differences in the anisotropy function when comparing one end of the source to the other. However, Rivard's study does not appear to account for the fact that, for example, the dose at = 20°is potentially different from the dose at = 340°͑where = 0°is defined to lie on the seed axis at the end closest to the source elements͒. It also does not appear that Rivard's study accounts for azimuthal variations of dose that will be present for configurations other than the ideal case. For example, for the diagonal configuration, the radial dose function depends on the azimuthal angle, , that it is calculated at.
To investigate the magnitude of this azimuthal dependence calculations were done for the Med3631 source in the diagonal configuration and compared with the ideal configurations. For the diagonal configuration the dose on the transverse axis at r = 0.25 cm =0°͑see Fig. 1͒ is approximately 8% lower then the dose at r = 0.25 cm and = 180°. Similarly the dose at r = 0.25 cm and = 90°, 270°is approximately 5% lower than at = 0°. At r = 1 cm the doses at = 0°and = 90°, 270°, are respectively, 2% and 1% lower than the dose at = 180°. The azimuthal variation of dose at other polar angles are similar with, for example, 5% variations between = 0°and = 180°for r = 0.25 cm and = 25°. Absolute dose differences between the two ends of the seed, however, can be very large. For example, the dose at r = 0.25 cm and = 25°is close to 300% higher than the dose at r = 0.25 cm and = 155°. At r = 1 cm this difference drops to 33%. For sources with such large azimuthal and polar anisotropies the two-dimensional ͑2D͒ TG-43 dosimetry protocol does not appear to be appropriate for calculating dose at small radii and points towards the need for full Monte Carlo treatment planning systems.
It should be noted that the statistical uncertainties on the calculated dosimetry parameters calculated in this study are frequently much lower than the uncertainties on previously reported data. This is especially true for values of the radial dose function and anisotropy function for distances greater than 5 cm from the source. For example, in Meigooni's study of the Best Pd-103 2335 ͑Ref. 69͒ source, the stated uncertainty on the radial dose function for distances greater than 5 cm is 5%. In this study the statistical uncertainty on the radial dose function for the same source is 0.7% at 7.5 cm from the source and reaches a maximum of 1.8% at a distance of 10 cm. Uncertainties on dose rate constants are also frequently much better than currently available values. TG-43U1 recommends assigning a systematic uncertainty of approximately 2.5% attributed to cross section data, seed ge- ometry and photon spectra. This means that the statistical uncertainties on dose rate constants in this study are mostly negligible for both 125 I and 103 Pd sources. Thus, dose rate constants can be assumed to have a maximum total uncertainty of approximately 2.5%, which in some cases is 20%-50% lower than the stated uncertainty on previously calculated Monte Carlo values.
IV.B. Comparison to published data
Due to the large amount of data it is not practical to do a detailed comparison of all of the dosimetry data available from this study and studies by other authors for all sources. Instead this section highlights a few differences which can not readily be explained by statistical uncertainties. In the following discussion, absolute uncertainties on the least significant digit of dose rate constants are given in brackets following the value. Detailed comparisons between our data and other authors' data for the STM 125 I seed, Imagyn IsoStar seed, and Theragenics model 200 103 Pd seed are available in our preceding article. 12 The Amersham 6733 EchoSeed was previously studied by Sowards and Meigooni. 29 In their study the dose rate constant is calculated using an air kerma strength calculated at a point 5 cm from the source. This source contains radioactive 125 I coated on a right circular cylinder which has been shown to lead to variations in the air-kerma strength depending on the voxel size used for scoring. [17] [18] [19] Solberg and Meigooni found a value of ⌳ = 0.97͑3͒ cGy h −1 U −1 ͓where the ͑3͒ indicates the absolute uncertainty on the least significant digit, i.e., ⌳ = 0.97Ϯ 0.03 cGy h −1 U −1 ͔ for the dose rate constant, while in this study, using the methods described above, the dose rate constant is calculated to be ⌳ = 0.929͑2͒ cGy h −1 U −1 and ⌳ = 0.947͑3͒ cGy h −1 U −1 using the WAFAC and point voxels, respectively. Since the WAFAC voxel value is more appropriate, this implies our calculated value is 4.4% lower than the TG-43 MC value and 5.4% less than the consensus value.
The Braquibac seed shows a 3.5% variation in the dose rate constant calculated using different voxel sizes for scoring air-kerma strength because it contains a right circular cylindrical source element. Pirchio et al. 31 published a value of ⌳ = 0.937͑4͒ cGy h −1 U −1 for the dose rate constant based on an extrapolation of the air-kerma strength along the transverse axis. 31 The value from Pirchio et al. 31 is 1.2% lower and 2.2% greater than the values of ⌳ = 0.949͑3͒ cGy h −1 U −1 and ⌳ = 0.917͑3͒ cGy h −1 U −1 calculated in this study using the point and WAFAC voxels, respectively. This means our best calculation of the dose rate constant is 2.2% lower than the only dose rate constant currently available for this source.
Sowards and Meigooni's study of the Best 2301 125 I source used a cylindrical encapsulation and cylindrical tungsten marker to model the seed geometry. 35 In our model we have used hemispherical shells for the end cap and added hemispherical ends to the tungsten marker in order to reflect the diagram of the 2301 seed presented in the TG-43U1 report. These differences led to some discrepancies between the anisotropy data calculated in this study and Sowards and Meigooni's study. In general our calculated anisotropy function values tend to agree slightly better with the TLD measurements made by Nath and Yue. 37 In Rivard's MC study of the IPlant 3500 125 I source 50 a dose rate constant value of ⌳ = 1.017͑5͒ cGy h −1 U −1 was obtained. However, the cross sections used in that study are now considered to be outdated. 3 The dose rate constants obtained in this study are 2.3% lower at ⌳ = 0.994͑2͒ cGy h −1 U −1 . In this study the radial dose function at 5 cm is approximately 10% lower than the value calculated by Rivard. However, our radial dose function generally agrees within 2.0% with the values calculated by Duggan and Johnson 51 which have been adopted as the TG-43 consensus values. 4 Duggan and Johnson's Monte Carlo study 51 does not include a dose rate constant calculation.
The IsoAid Advantage 125 I source has been studied by Meigooni et al. 54 and Solberg et al. 55 The 54 used the DLC-99 photon cross sections which are now considered outdated. 3 Our radial dose function agrees much better with the values calculated by Solberg et al. 55 who used the XCOM photoelectric cross sections. The Advantage 125 I is also a source containing a cylinder coated in radioactive material which in this case causes the dose rate constant to vary by 3.5% depending on the size of the voxel used for scoring air kerma. Solberg et al. based their dose rate constant calculation on an air-kerma strength calculated in a small voxel 50 cm from the source. As expected their calculated value of ⌳ = 0.962͑5͒ cGy h −1 U −1 agrees well with the value of ⌳ = 0.959͑2͒ cGy h −1 U −1 calculated in this study using the point voxel, but is 4.0% higher than the value of ⌳ = 0.925͑2͒ cGy h −1 U −1 calculated using the WAFAC voxel. As discussed above, the latter value is the preferred which means our best value is 5.9% less than Meigooni's value of ⌳ = 0.98͑3͒ cGy h −1 U −1 and 5.5% less than the consensus value.
The dose rate constant of the Med3631 125 I source calculated in this study is ⌳ = 0.978͑2͒ cGy h −1 U −1 which is 3.4% less than the value calculated by Rivard 58 with the outdated DLC-189 cross sections. The radial dose function in this study is also 7.8% higher than the TLD measured 59 
TG-43U1
3 consensus value at a distance of 5.0 cm from the source.
In their study of the SelectSeed Karaiskos et al. gave a value of ⌳ = 0.954͑5͒ cGy h −1 U −1 for the dose rate constant based on an extrapolation of the air-kerma strength along the transverse axis. 61 As is the case for other seeds containing a cylindrical source element, the SelectSeed shows a variation in the calculated dose rate constant depending on the voxel size used for scoring air kerma. The calculation by Karaiskos et al. is 1.1% and 4.0% greater than the values of ⌳ = 0.944͑3͒ cGy h −1 U −1 and ⌳ = 0.917͑2͒ cGy h −1 U −1 calculated in this study using the point and WAFAC voxels, respectively. Thus, our best calculation of the dose rate constant is 3.7% lower than the only other MC dose rate constant currently available for this source.
As with the Best 2301 125 I source, our model of the Best 2335 103 Pd source had an encapsulation with hemispherical shells on the ends rather than a cylinder as used in the study by Meigooni et al.. 69 In general our anisotropy function data are much smoother and show less nonphysical fluctuation than the data published by Meigooni et Anisotropy function values calculated in this study are lower by 5%-10% when compared to the Chan and Prestwich data set for distances less than 1 cm from the source but generally agree within 5% at a distance of 5 cm from the source. As described in Sec. V, comparisons of radial dose function and anisotropy function data calculated in this study with data calculated by other authors are provided in a graphical form on the CLRP TG-43 web resource for all sources.
V. WEB RESOURCE
As part of this study the Carleton Laboratory for Radiotherapy Physics TG-43 Parameter Database website 83 has been created. The website includes a separate web page for each brachytherapy seed. The content of an individual seed page is as follows; a to-scale drawing and description of the materials and seed geometry used in these calculations, a full set of tabulated dosimetry data, a graphical representation of the dosimetry data which includes comparisons with data calculated by other authors and references and links to relevant published papers. The dosimetry data on the web site includes the values of the dose rate constants calculated in this study and in studies by other authors. It also includes radial dose functions and anisotropy data. Radial dose functions are tabulated at intervals of 0.01 cm for 0.05ഛ r ഛ 0.1 cm, 0.1 cm for 0.1Ͻ r ഛ 1.0 cm, and 0.5 cm for 5 Ͻ r ഛ 10 cm. Fit coefficients from our accompanying study on radial dose function fitting 82 are also provided for each source. Anisotropy function data are tabulated at 32 polar angles from 0°to 90°with a minimum resolution of 5°a nd higher resolution for angles closer to the transverse and seed axis. Anisotropy functions and anisotropy factors are tabulated at 12 different radii from 0.1 to 10 cm. Relative statistical uncertainties are also provided for all of the data presented on the website. For the user's convenience, the tabulated dosimetry data are available in HTML tables and spread-sheets. A description of the calculation methods used in this study and theBrachyDose Monte Carlo code are also available on the site. Dosimetry data for more sources will be added to the website as they become available.
VI. CONCLUSION
In this study the previously benchmarked 12 EGSnrc usercode BrachyDose is used to calculate a complete set of TG-43 dosimetry data for a total of 27 low-energy photon emitting brachytherapy sources ͑18 125 I and 9 103 Pd sources͒. This data set is unique due to the fact that the TG-43 data for all of the sources are generated using a consistent set of methods for all of the sources included. Calculations included state-of-the-art XCOM photon cross sections, detailed source geometry models, and dosimetry data often with much better statistical precision, higher resolution, and greater spatial extent than is currently available in the literature for many of these sources. For most of the seeds this is the first study to report anisotropy function values for distances less than 0.5 cm from the source which should be of particular interest to centers doing eye plaque brachytherapy dosimetry. More study is required to fully assess the impact of geometric uncertainties at points less than 0.25 cm from the source. It is found that dealing with the effects of asymmetric geometries in the seeds is virtually impossible within the essentially two-dimensional formalism of TG-43. If these asymmetry effects are important, they will need to be handled using a Monte Carlo calculation of the complete dose distribution of the multiseed implant. The complete set of dosimetry data calculated in this study are made available via a website ͑see Ref. 83͒. Subject to availability of resources, the web pages will be updated as manufactures introduce new brachytherapy sources and designs including seeds using other low-energy photon emitting isotopes such as 131 Cs.
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